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A CARBON ELECTRODE AND A METHOD 
FOR PRODUCING SUCH AN ELECTRODE 
[Corresponding to PCT/NO00/00294 
Filed September 8, 2000] 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents, 
Washington, DC 20231 

Sir: 

Prior to initial examination of the above-identified application, kindly amend 
the application as follows: 

IN THE CLAIMS : 

Kindly cancel original claims 1-5 without prejudice or disclaimer recited 
thereof. 

Kindly add the following new claims: 

6.(NEW) A method for producing a carbon electrode in which a "green" mass 
comprising particle material containing carbon and a binder undergoes a moulding process 
which causes the mass to be exposed to externally forced compression in one or more 
directions and to be subjected to a calcination process before use, characterised in that 
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the carbon electrode is arranged so that, when it is in use, the dominant direction of 
electric current will mainly be oriented so that it does not coincide with the direction(s) of 
the forced compression. 

7. (NEW) A method in accordance with claim 6 for production of a carbon 
electrode, more precisely an anode for use in an electrolysis cell of Halt-Heroult type in 
which the anode is made with at least one recess for fixing to an anode suspender, 
characterised in that each recess is arranged directionally so that it mainly coincides with 
a direction mainly perpendicular to the direction(s) of the forced compression. 

8. (NEW) A method in accordance with claim 7, characterised in that the 
carbon electrode is calcinated before the recesses are arranged. 

9. (NEW) A method in accordance with claim 8, characterised in that the 
recesses are arranged by a mechanical milling or drilling process. 

1 0. (NEW) A carbon electrode produced from a "green" mass comprising particle 
material containing carbon and a binder where the green mass is exposed to externally 
forced compression in one or more directions and the carbon electrode is subjected to a 
calcination process before use, characterised in that at least one electrical connector is 
arranged in the electrode in such a manner that the dominant direction of electric current 



in relation to the carbon electrode, when it is in use, mainly does not coincide with the 
direction(s) of the forced compression. 

1 1 .(NEW) A carbon electrode in accordance with claim 10, more precisely an 
anode for use in an electrolysis cell of Hall-Heroult type in which the anode is made with 
at least one recess for fixing to an anode suspender, characterised in that each recess is 
arranged in such a manner with respect to the extension of its depth into the anode so that 
this direction mainly coincides with a direction substantially perpendicular to the 
direction(s) of the forced compression. 

12.(NEW) A carbon electrode in accordance with claim 11, characterised in 
that it is calcinated before the recesses are arranged. 

13 (NEW) A carbon electrode in accordance with claim 12, characterised in 
that the recesses are arranged by drilling or by milling the calcinated carbon material. 



REMARKS 

The present Preliminary Amendment is submitted to cancel original claims 1-5 and 
add new claims 6-1 3. Note that the new claims are presented in order to incorporate the 
amendments filed in the international application. 



Respectfully submitted, 
Egil LUNDBERG 

Michael S. Huppert 
Registration No. 40,268 
Attorney for Applicant 

MSH/kjf 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
March 6, 2002 
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A Carbon Electrode and a Method f< 




for Prod ucing such an Electrode 



The present invention concerns an improved carbon electrode and a method for 
producing a carbon electrode. Carbon electrodes, particularly anodes, produced in 
5 accordance with the present invention may expediently be used in connection with 
electrolytic production of aluminium in accordance with the Hall-Heroult process involving 
pre-baked anodes. 

The present invention is based on the observed fact that several physical properties of 
10 carbon electrodes will be directional on the basis of the moulding process used. This 
applies, among other things, to electrodes moulded by vibration moulding, for which 
differences can be demonstrated between the vertical and horizontal directions. 
A common method for producing anodes for use for aluminium production is vibration 
moulding of a "green" mass (a viscous, ductile mass containing carbon particles and 
15 binder) in a mould consisting of a box open at the top which has a plumb or a heavy lid 
designed to slide downwards along the inner walls of the box. Nipple holes or recesses in 
the anode for fixing it to an anode suspender are usually created by the plumb having 
downward-facing projections which extend down into the mass. The creation of anodes 
in this way means that the orientation of the recesses corresponds to the vibration 
20 direction (vertical direction). One disadvantage of the above production method is that the 
physical properties of the anode cannot be exploited in an optimized manner because of 
limitations in the actual production method. 

One explanation of the directional difference may be related to how particles inside the 
25 material move during the moulding operation. For example, the external geometric 
dimensions of the mass during vibration will be reduced in the vertical direction, while the 
dimensions will remain virtually constant in the horizontal direction. Another reason may 
be that the mass which is vibrated contains carbon particles which, to a large extent, have 
the form of oblong flakes. During the vibration of the "green" mass, the flakes will tend to 
30 be adjusted so that their centre of gravity is located on the lowest possible vertical level. 
This means that there may be more interfaces between the carbon particles in the vertical 
direction than in the horizontal direction, which is assumed to be a dominant factor 
regarding the fact that the physical properties such as mechanical strength, electrical 
resistance, thermal properties, etc. are directional in relation to the moulding process 



35 



used. 
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With the present invention, it has become possible for a carbon electrode to be produced 
so that its physical properties can be utilised optimally. With the present invention, a 
carbon electrode will be produced with reduced electrical resistance and more favourable 
thermal conductivity properties. With the present invention, it will also be possible to use 
5 simpler materials than previously without having to reduce the requirements for the 
properties stated. 



The present invention will be described in the following using examples and figures, 
where: 



Figure 1 shows the physical properties of a carbon electrode. 
Figure 2 shows how sampling is done in relation to a carbon electrode. 
Figure 3 gives a graphic presentation of the difference between vertical and 
horizontal resistance in a carbon electrode. 
15 Figure 4 shows a comparison between density and resistance in a carbon electrode. 



The vibration direction will be called the vertical direction (V) in the following. 
Correspondingly, the horizontal direction (H) is perpendicular to this. 

20 Two core samples were drilled out in both directions from 9 areas in typical carbon 
electrodes, see Figure 2. The areas were in a plane 200 mm above the underside of the 
carbon electrode, i.e. where the wear surface is located after half the operating life period 
in an electrolysis process. The points of intersection between this and three vertical 
planes longitudinally to and three vertical planes transversely to the carbon describe 

25 where the samples were taken. The vertical samples had their centre axis in the 
intersection between the longitudinal and transverse planes and in such a way that the 
horizontal plane intersected them at half their height. The horizontal samples had their 
centre axis in the horizontal plane and as close to the others as possible. 

30 The samples were tested in relation to a number of parameters, which are shown in 
Figure 1 : 



- Reactivity in carbon dioxide, Rco2 

Expresses the carbon electrode's (anode's) tendency to react with carbon dioxide at 
35 960°C. A high value of this means high reactivity. 

- Soot index, Sco2 
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Expression of selective reaction with carbon dioxide which results in loose particles (soot) 
in the electrolysis bath. 

- Density (unit weight, volume weight) 

5 Calculated on the basis of the sample's weight and external dimensions. 

- Specific electrical resistance 

Calculated on the basis of the measured voltage drop over the sample and its 
cross-section and length. 

10 

- Young's modulus, YM 

Modulus of elasticity, determined by measuring compression in a compression strength 
test. 

15 - Compression strength, CS 

Calculated on the basis of the force applied in connection with compression to break. 

- Air permeability, Perm 

Expression of continuous pores. A high value corresponds to open material. 

20 

- Coefficient of thermal expansion, CTE 

Linear expansion as a result of change in temperature. 

- Reactivity in air, Rair 

25 Expresses the carbon electrode's (anode's) tendency to react with air at 525°C. A high 
value corresponds to high reactivity. 

- Porosity, Por 

Total porosity based on image analysis. 

30 

The table in Figure 1 indicates typical values for the horizontal and vertical directions. 

The permeability is slightly higher in the horizontal direction than in the vibration direction. 
This corresponds with the porosity determined in samples from the centre axis. However, 
35 it has not been demonstrated that this can produce a noticeable increase in the internal 
CO2 reactivity in the carbon. 
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The other direction-dependent parameters, resistance (converted into thermal 
conductivity), YM, CS and CTE are subject to considerations of thermal stress. Modelling 
tests with the values in question give no reason to expect significant changes in these 
forces in the carbon electrode (anode). 

5 

Figure 3 shows the directional difference between vertical and horizontal specific electrical 
resistance in each of the 9 sample points, expressed in a bar chart. 

It can usually be observed that density and resistance will correspond well (high density 
10 produces low resistance), in particular when the raw material and process are generally 
the same and with standard sampling, i.e. in the vibration direction. The table in Figure 4 
shows this, but also that this is not so marked when the resistance is measured in the H 
direction. The latter tendency probably increases as the density decreases. 

1 5 The last line in the table in Figure 4 indicates that the correlation between density and the 
difference in resistance between the directions is low, at least for the anode quality in 
question. 

If the manufacturing process is such that the nipple holes in an anode are created entirely 
20 after moulding, for example by milling or by drilling nipple holes after calcination, it is 
possible to choose the side on which they are to be placed. It is thus possible to benefit 
from the anisotropy by ensuring that the direction of electric current flow in the electrolysis 
coincides with the H direction in connection with vibration. In accordance with commonly 
used vibration/compression techniques, this will imply that the nipple holes are arranged 
25 substantially perpendicular to the direction of vibration/compression of the electrode in its 
"green state". 

It should be understood that electrodes produced in a way where the "green mass" is 
compressed merely in a static manner or by extruding techniques may in the same 
30 manner as described above have directional properties which can be exploited in 
accordance with the present invention. 

The size of the power saving which can be achieved with this will depend on how the 
anode is produced. On the basis of a typical anode as described earlier, the total energy 
35 saving will be 0.31% on the basis of the below conditions: 



Total voltage drop over cell 



: 4 V 
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Average voltage drop over anode 
Difference in specific electrical resistance 
Power consumption 

Reduction in resistance in the carbon itself 



150 mV 
4.5 niim 
1 4 kWh/kg Al 

8.3 % 



5 



The present invention thus offers a considerable potential for savings in the form of 
reduced power consumption. The present invention will also make it possible for the 
carbon electrode, in connection with vibration, to be given a more precise height as the 
nipples in the finished anode are innstalled in a direction in which the geometric 
10 dimensions of the mass during tamping/vibration are kept constant. 
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Claims 

5 1 a method for producing a carbon electrode in which a "green" mass comprising 

particle material containing carbon and a binder undergoes a moulding process 
which causes the mass to be exposed to externally forced compression in one 
or more directions and to be subjected to a calcination process before use, 
characterised in that 

10 the carbon electrode is arranged so that, when it is in use, the dominant 

direction of electric current will mainly be oriented so that it does not coincide 
with the direction(s) of the forced compression. 

2. A method in accordance with claim 1 for production of a carbon electrode, more 
1 5 precisely an anode for use in an electrolysis cell of Hall-Heroult type in which 

the anode is made with at least one recess for fixing to an anode suspender, 
characterised in that 

each recess is arranged directionally so that it mainly coincides with a direction 
mainly perpendicular to the direction(s) of the forced compression. 

20 

3. A method in accordance with claim 2, 
characterised in that 

the carbon electrode is calcinated before the recesses are arranged. 

25 4. A method in accordance with claim 3, 

characterised in that 

the recesses are arranged by a mechanical milling or drilling process. 

5. A carbon electrode produced from a "green" mass comprising particle material 

30 containing carbon and a binder where the green mass is exposed to externally 

forced compression in one or more directions and the carbon electrode is 
subjected to a calcination process before use, 
characterised in that 

the dominant direction of electric current in relation to the carbon electrode, 
35 when it is in use, mainly does not coincide with the direction(s) of the forced 

compression. 
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(57) Abstract: The present invention concerns an improved carbon electrode and a method for producing such a carbon electrode. 

In particular, the present invention relates to anodes for use in connection with electrolytic production of aluminium in accordance 
"^-^ with the Hall-Heroult process. The anisotropy in a vibrated carbon anode results in partially significant differences in the physical 
^Z^ properties depending on how the samples are oriented in relation to the vibration direction, in particular with regard to electrical 

resistance. For a tested, typical quality electrode, the resistance perpendicular to the vibration direction is 8.3 % lower than in the 

vibration direction. If this is utilised by placing the nipple or suspension hanger holes so that the direction of electric current flow 
£^ when the electrode is in use in the electrolysis is substantially 90° to the vibration/compression direction, this can produce a reduction 
r~ of approximately 0.3 1 % in power consumption. 
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PARAMETERS 


COEFFICIENTS OF CORRELATION 


Density - resistance H 


-0.78 


Density - resistance V 


-0.86 


Density - resistance H-V 


-0.35 
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Address 




STATE OR COUNTRY 


ZIP CODE 



Full Name of 
Sixth Inventor 




FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 




STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 






1 Full Name of 

Seventh Inventor 


FAMILY NAME 


FIRST CIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 



I further declare that all statements made herein of my own knowledge are true, and that all statements on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 

1st Inventor Lundberg AA/vA, oIqwvx Date ~\ . -O^ 



2nd Inventor _ 
3rd Inventor _ 



4th Inventor _ 



_ Date _ 
_Date _ 
_Date _ 



5th Inventor _ 
6th Inventor _ 
7th Inventor _ 



_Date _ 
_ Date _ 



The above application may be more particularly identified as follows: 
10/070,374 

U.S. Application Senal No 



March 6, 2002 



Applicant Reference Number _ 
Title of Invention 



P99070 AB: AMH 



_ Filing Date _ 
_ Atty Docket No. 2002-02 66A 
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